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building and pose a safety risk to building occupants and passersby: OFCs are far from being secondary in importance when it comes to seismic risk analysis. A review of the typical damage sustained by various OFCs in recent earthquakes (including reviews by McKevitt et al. 1995; Kao et al. 1999; Naeim 1999; Naeim 2000; Filiatrault et al. 2001; Achour et al. 2011; Miranda et al. 2012) highlights the fact that the dysfunction/failure of OFCs is the greatest contributor to damage, losses and business interruption in most facilities. The vulnerabilities of OFCs in modern buildings were not clearly exposed until the M w 9.2 march 27, 1964 Alaska and M w 6.6
February 9, 1971 San Fernando earthquakes (Lagorio 1990) . Experience has shown that in moderate earthquakes (1994 M w 6.7 Northridge earthquake, CA; 2003 M w 6.5 San Simeon earthquake, CA; 2009 M w 6.3 L'Aquila earthquake, Italy; 2011 M w 6.7 Christchurch earthquake, NZ), damage to critical equipment and contents is typically more important than damage to structural framework in buildings that abide by seismic code requirements. In active seismic zones, strong aftershocks exacerbate OFC damage.
In recent years, engineers, researchers, and building code committees have paid increasing attention to the seismic performance of secondary systems attached to primary building structures. Earthquake-resistant design of building structures is now a relatively mature discipline, and the seismic behaviour of OFCs is now considered a major factor to be accounted for while assessing the overall building performance and functionality. As a result, the seismic requirements for non-structural elements in the 2005 and 2010 editions (and the upcoming 2015 edition) of the NBCC are more detailed than in previous editions and include explicit provisions for more specific items (more categories of elements) that apply to facilities that require postearthquake functionality. The evolution of the NBCC seismic provisions for OFCs will be discussed in the following sections: it should be further noted that no significant changes have 
to 1965

Seismic force requirements
In the 1953 , 1960 and 1965 editions of NBCC (NRCC 1953 , 1960 , 1965 , the seismic zoning map divided the country into four seismic regions based on earthquakes having a return period of 100 years (i.e. probability of 0.01 per annum). The minimum horizontal force for which portions of a building or structure should be designed to resist is given by:
Where V is the lateral seismic force in pounds, W is the total dead load tributary to the point where the earthquake force is to be calculated, including machinery and other fixed concentrated loads, C is a constant specified in the code for the part of the building being considered. The values of C are minimum and correspond to zone 1; they should multiplied by 2 for zone 2 and 4 for zone 3. The minimum values of C that correspond to zone 1 vary between 0.05 and 0.25. This simple equation was then refined in the 1965 edition to include more parameters to describe the C coefficient of Equation (1) These early editions of NBCC covered only the architectural components, towers, chimneys and tanks. In both the 1953 and 1960 editions, the same seismic force requirements apply to all building components (structural and non-structural), while the requirements of the 1965 edition are introduced in a separate clause and are more stringent for architectural components and D r a f t 7 curtain walls than for structural components by introducing the factor of 2, which means that the seismic lateral force for OFCs is twice the force for structural components.
Starting from the 1965 edition, dynamic analysis was mentioned as an alternative to simple static analysis for earthquake-resistant design. However, no details were provided about the definition of dynamic analysis methods.
Also, in these early editions of NBCC, the OFC seismic risk was not associated with a probability level.
Seismic displacement requirements
In these early editions of the NBCC, there were no provisions related to displacements.
1970
Seismic force requirements
The 1970 edition of NBCC (NRCC 1970 a, b) introduced a more refined seismic contour map of the country based on expected ground accelerations having a return period of 100 years. The new map was based on the analysis of past earthquakes throughout the country. Building parts and portions (this is when the subscript p was introduced) and their anchorage to the supporting structure were then required to be designed for a minimum lateral force given by:
Where W p is the weight of the part or portion of a structure, such as cladding, wall partitions and appendages; R is the seismic regionalization factor, which is a measure of the seismic activity and hazard in the area considered (it is equal to 4 in zone 3, 2 in zone 2, 1 in zone 1 and 0 in zone 0); and C p is the horizontal force factor for the part or portion of the structure (varying from 0.1 D r a f t 8 to 2). Interestingly, the importance of the building, introduced with the I factor in 1965 was not considered for OFCs in this later edition.
In the commentary to the 1970 edition, it was noted that machinery and electrical/mechanical components mounted within buildings should be designed to withstand the forces and displacements that arise from the seismic response of the structure, but no further specific provisions were given.
Seismic displacement requirements
In this edition, although there were no specific provisions for seismic displacement, it was recommended in the commentary that the interstory drift be limited to 0.005 h s , where h s is the story height. It was also noted there that the deflections obtained from an elastic (static) analysis using the lateral force determined in Equation (3) should be multiplied by 3.
and 1980
Seismic force requirements
In these editions of NBCC (NRCC 1975a (NRCC , b, 1980a , the same zoning maps as of the 1970 edition were used. A new equation was proposed for the minimum seismic lateral force for buildings parts and their anchorage:
Where A is the acceleration ratio or assigned horizontal design acceleration as a fraction of g, assumed constant over each seismic zone; and S p is the horizontal force factor for the part or portion of the building.
It is in these NBCC editions that specific S p factors for machinery and electrical/mechanical components mounted within buildings were introduced for the first time. The range of variation D r a f t 9 of the factor was from 1.0 to 25. The building importance factor was not taken into account in this edition. The type of OFC connection to the structure, flexible or rigid, was not considered either.
Seismic displacement requirements
The requirements were unchanged from the 1970 edition.
1985
Seismic force requirements
In the 1985 edition of NBCC (NRCC 1985a, b) , new seismic zoning maps were introduced, dividing the country into seven acceleration and velocity related zones. The new maps were based on a much lower probability of exceedence, 10% in 50 years (i.e. 0.0021 per annum compared to 0.010 in previous editions). In this edition, the minimum lateral force for which buildings parts and their anchorage shall be designed is given by:
Where ν is the zonal velocity ratio expressed as a ratio of the specified zonal horizontal ground velocity to 1 m/s; and S p is the horizontal force factor for the part or portion of a structure. Higher S p factors were introduced for machinery, equipment and pipes that are not rigid or rigidly connected, varying from 0.9 to 11, while the type of connection was not addressed in the previous editions of NBCC.
Seismic displacement requirements
The same requirements of the 1970 edition of NBCC were used.
D r a f t
Seismic force requirements
The same zoning maps as in the NBCC 1985 edition were used (NRCC 1990a, b) and the equation to calculate the lateral seismic force demand was unchanged as well:
[6] 1990
However, there were refinements in the evaluation of the horizontal force factor, S p , for various types of components. For architectural components, the values of S p vary between 0.7 and 6.5, while for mechanical/electrical components an equation is introduced as:
where A x is the amplification factor at floor level x to account for variation of response of the mechanical/electrical component according to its location along the building elevation; A x is equal to (1+ h x /h n ) where h x , h n are the heights above ground at levels x or n respectively (level n is the roof level); the maximum value of A x at roof level is 2.0; A r is the response amplification factor to account for the type of attachment of mechanical/electrical component, it is is equal to 1.0 for components that are both rigid and rigidly connected, 2.0 for flexible components or flexibly mounted components located on ground, and 4.5 for all other cases; C p is the seismic coefficient for mechanical/electrical components, whichvaries from 0.7 to 1.5.
In this edition, the provisions for mechanical/electrical components are more elaborate and The NBCC 1995 (NRCC 1995a, b) had the same earthquake design hazard levels and the same zoning maps as its previous edition.
The provisions for building parts and portions are similar to those of the 1985 edition of NBCC, which introduced a distinction in force requirements for architectural components and for mechanical and electrical equipment. The lateral force, V p , is taken as :
The importance factor I is introduced again, to establish compatibility of design risks with the structural system of post-disaster buildings (I=1.5) and schools (I=1.3). A r is equal to 1.0 for D r a f t 12 components that are both rigid and rigidly connected and for non-brittle pipes and ducts, 1.5 for components located at ground level that are flexible or flexibly connected except for non-brittle pipes and ducts and 3.0 for all other cases.
The seismic design forces in the 1995 edition differ from the earlier editions of the NBCC due to several reasons (Tauby et al. 1999 ): 1) earthquake, geological, and tectonic information was analyzed using a new seismic risk approach; 2) newly developed strong ground motion attenuation relations were included; and 3) both horizontal acceleration and horizontal velocity have been considered.
Seismic displacement requirements
The requirements in the 1995 edition are the same as those given in the 1990 edition.
and 2010
The resulting maps account for soil type and near-fault effects since they incorporate a significant amount of new earthquake data, recent research on source zones and earthquake occurrence, together with complementary research on strong ground motion relations. In contrast to the 1985 maps, which gave values for peak horizontal ground velocity and peak horizontal ground acceleration, peak horizontal spectral acceleration values (S a (T); 5% damped) are now directly specified, where T is the period of the building structure. The seismic hazard at the site of the structure is included in the design force formula through the spectral acceleration value S a (0.2), which is taken from the uniform hazard spectrum at 0.2s period. It is assumed that most nonstructural components in buildings are stiff or rigid (which is far from true in many instances), 
Seismic force requirements
These provisions (currently in effect) use the same generic equation to describe the lateral force requirements for architectural components and for mechanical and electrical components.
Elements and components of buildings and their connections shall be designed for a lateral force
V p given by:
Where F a is the acceleration-based site coefficient that varies from 0.7 to 1.4. It is function of site class and S a (0.2); S a (0.2) varies from 0.12 (Inuvik) to 1.2 (Victoria). I E is the importance factor for the building and it can take values of 1, 1.3 or 1.5. The same equation for horizontal force factor , S p , is now introduced for all component types:
The maximum value of S p is 4.0 and its minimum value is 0.7. C p is the element or component factor specified for different types of components. It considers the risk to life safety associated with failure of the component and release of contents if applicable; C p varies from 0.7 for low risk and 1.5 for high risk. R p is the element or component response modification factor that is D r a f t 14 introduced for the first time to account for the energy-absorption capacity of the element and its attachment; R p varies from 1.25 to 5. A r is the element or component force amplification factor to account for possible dynamic tuning between the building and the component, and is function of the ratio of the natural frequencies of the component and the structure; A r varies from 1.0 to 2.5. A x is the height factor; a linear amplification of acceleration through the height of the building is assumed such that A x is equal to (1+ 2h x /h n ). It ishould be noted that the maximum value of A x at rooftop level is now 3.0 compared to the value of 2.0 in the 1995 edition of NBCC. In this edition, the height factor is considered for the first time for architectural components. forces for most components, especially in Vancouver (Figures 2b and 2c) ,.except for rigid/rigidly attached components. In Montreal (Figures 3b and 3c) , the forces are similar at the mid-height and rooftop of the building, except for rigid/rigidly attached components.
Seismic displacement requirements
Architectural components
The NBCC 1995 seismic design forces of architectural components are higher than those of the 2005/2010 editions at ground level for all components in both Vancouver and Montreal seismic zones (Figures 4a and 5a) . The difference is less noticeable at the rooftop level, especially in Montreal, except for cantilevered components (Figures 4b and 5b) .
It is seen that the NBCC 1995 provisions yield conservative forces for architectural components at ground level, especially in high seismic zones, whereas this conservatism is less considerable and not systematic at the upper levels, particularly in moderate seismic zones. Therefore, the conservatism in the 1995 NBCC provisions for architectural components is somewhat proportional to the seismic hazard level. 
Conclusion
In this paper, the authors surveyed the evolution of the NBCC seismic force and displacement requirements for mechanical, electrical and architectural components. Substantial differences between the seismic design requirements in different NBCC editions were emphasized and numerical examples of two acceleration-sensitive components (a suspended acoustic ceiling and a rooftop chiller) were used to illustrate the variations in the design force levels over the years. These variations are not uniform, but have a decreasing trend starting from the 1990 edition since there were significant improvements in the equations used to compute the seismic forces. Some of the differences in the force calculations are also attributed to the variations in the design ground motion specified over several decades based on seismicity models of various degrees of sophistication. It is noteworthy to mention that ground motion 
